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, TTV r oUPLED RESONATOR-TYPE 
LONGITUDINALLY COUPLEU 

SURFACE ACOUSTIC WAVE FILTER 



BACKGROUND OF THE INVENTION 

+- t on 



x . Fi eld of the invention longitud inally coupled 

The present invention rela ^ ^ 

r-nr tvpe surface acoustic wave resona tor- 
resonator-type long itudinally coupled re 

^aarlv, relates to a iony 
particularly, -niter having three oi 

curface acoustic wave filter 
ty pe surface _ 

interdigital transducers 

2 . D escri P tion of the Related Art ^ ^ been 

Conventionally, surface aco ^ a ^.^ phone . 

wide ly used as an RF stage ^ wideband , and other 

Low insertion loss, large a^nuat o ; ^ ^ To 

suC h db-^-tic.^^ prQpositions have heen 

3atiP f y these requirements, v 

in Japanese Unexamined Pate » , „ i(Jer band 

one example o £ « sur£ace acous tic 

o£ a longitudinally ^ publi cation, electrode 

filter is disclosed. In this P , . _ „„ bet „een IDTs that 

wave filter Mr iodically line up oet» 

£ingers are arrayed to pe ^ 

are adjacent to each other ^ distance 
providing a resonant £ of ao IDT s that are 

bet „ een the adjacent electro ditecti0 „ o£ a 

adjacent to each other - fay abOTt „.s ti.es of the 

sur£ ace acoustic wave to he de ^ 

wavelength determined hy the peri 

is dis closed. ^ above , the center distances 

However, when, 
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of IDTS that are adjacent 

t c each other is deviated y ^ ^ 

determined by the period o ^ ^ propagatlon 

periodical continuity of the surf particular ly, when 

j * « corresponding pari-. 

Path is worsened m x _ pro pagating 

a p"^;-^^^. — - - * ' 

UTa0 ' acl i - LaKy wave, is used, loss due to 

leak y surface acoUSt M a reBU lt, although 

bu lK wave radiation^ ^ ^ ^ is . 

realization of a wiaei. 

reau 1nqs increases. 

-insertion losb j-^- 
problem m that inseiu 



SUMMARY OF THE INVENTION 



~ the oroblems described above, 

xn order to overco™ * provide . 

preferred e«fcodiments of * acousti c wave 

l0 ngitudinally coupled resonat r typ ^ ^ ^ ^ ^ 

filter which solves the foregoing P lcant 

ch e realisation of the wider^an ^ ^ fce achieved . 

^.^n-^-t he insertion los 



; coupled resonat -^type-sur-faoe.- 

In , 1°^™^ „ a pre£e rred e*odi»ent of 

acoustic wave filter acco g ^ ^ ^ >t leasC 

che present invention, sin ^ £inger perioQ 

th ree IDTs is <**""^ adjacent to the side edge of 
of a first portion that ., rection o£ the surface 

mother IDT in the electIoie finger period of 

^^ffprpnt from tne cic^t 
acoustic wave is remaining porti on of the IDT, it 

a second portion ^ expansio n of the passband 

i3 possible to - V ^ ^ in the 

width but also great iy 

passband. ^ lld inally coupled resonator-type 

Therefore, the longitudinally P ^ ^ ^ 

surf ace acoustic wave filter havxng a 



in the passband is achieved. 
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• a fhe first portion is 
^en the electrode finger perxcd of the 

sorter than the electrode finger Perrod of t 

loss of the surface wave as g 
the propagation loss o paasb and to be even 

This enables the insertron loss m P 

mo re reduced. electrode finger period of the 

Particular^, when the el ^ ^ ^ 

£i rst portion is ^ portiOT , the propagation 

electrode finger even „ te reduc ed. 

los s of the surface wav c n be ^ 

When the ^J^^ i3 cau3 ed to be 
£i ngers of a parr of ad a e ^ ^ ^ bulk ^ 

substantially equal to 0.5*. ■ in3ertio „ loss even more. 

is g reatly reduced, which ^ are adj acent to 

^ ° nlY Tstlcted so as to include the first portion 
each other » constru- ed ^ ^ ^ 

and the second portron ^ IDT3 ls 
adj acent electrode frngers of the pa ^ ^ 

- .. h. substantially equal to 0.25M1 
caused to be substa . n the same 

_ radto ted-as_t he bul* ~« B J J .^^^ 

m anner, which reduces the msertio 



marine i , wu^» 

even larger amount. . g substantia lly equal 

""rr n T -on in which electrode fingers 

to 0.25 m ♦ 0.25 m p second 

o£ the first portion and electro e f nge ^ ^ 

a ^ are nt to each other, 
portion are ^« nt same mann er, which more 

bulk „ ave can be reduced ^ 

red uces the xhsertron los a(Jjacent to 

When the polarrty of the e ^ ^ ^ 

each other of the n* — g t e f ^ f ^ ^ 
second portion and ^J^/ ^ sur£ac e 

th e n» adjacent to the DT are ^ ^ ^ 

ac oustic wave is ^ . T his increases the 

spacing between adjacent IDTs 
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version efficiency - electric signal - — ^ 

the insertion loss in the passband even more, 
passband width is expanded. Qf the first 

When the total number of electrode g 

« i-han 18 on both sides of the aajcu. 
portions is not more than 18 on adiacent to each 

, jrft f the IDTs which are adjacent 

portions of a pair o the I ^ ^ 

other, the concen ° reson ator-type surface 

„ her eby the ^ VSMR c an be provided, 

acoustic wave filter havi g ( . nger3i 
When the center distance b ^ ^ ^ ^ 

having periods ~ , ... , , MXa to ...» * 

w hich are adjacent t -b ^ ^ ^ + 

o.snim, -re preferably, <0^1 ^ 

a necessary bandwidth can he ^ ^ ^ ^ 

various applications such as a K ^ 

a PCS m ethod and » - ^ „ adjacenC to 

When both of a pair ui f 

i_ • - /qirprtion of the surrace 
each other in - nrst portion and the second 
—acous tic wave filter. f tm „ 8 _ ei _ tte _fi Ja t 



acoust ic wave filter. i t l - nger3 ,o-f-the^irst^ 
portion, and the numbers of e ec" concentr ation 
portions of both ZDTs are < ^ J the 
ratio of the impedance as well a VSW ^ ^ 

expansion of the passband width can be 

readily. ,„ t ating a LiTaO, single crystal 

"~ ^^r; ; Us : 1 * » 

in the direction of the Y ax 

i. y axis is used as tne 

ss . to «, with respec to ^ coupled resonator- 

piezoelectric substrate , th g paBBb and width 

tYP e surface acoustic 9 can be eagily obtained 

and low insertion loss in the passba 

according to various preferred events 



e " 
■sr.: 



f . n is different from the film thickness of the 
first portion is anxei-eiiL. t-hP 
„ finaers of the second portion, the loss due to the 
electrode fingers of the adjusting the 

radiation of the bulk wave is greatly reduced y 1 
electrode film thickness. Particularly, when the film 

Less of the electrode fingers of the first = 
caused to be thinner than the film thickness of 
fingers of the second portion, since the loss due to the 
Z Lion of the bulk wave can be reduced in the spaci^ 
between iDTs in which the bulk wave is most likely to be 
generated, the insertion loss can be even more reduced while 
the wide bandwidth is maintained. 

When, in a construction in which multiple-stage 
longitudinally coupled resonator-type surface *^ "c w*ve 
liters are cascaded, the electrode finger period of the first 

T of at least one stage of the longitudinally coupled 
portion of at least a to fae 

resonator-type surface acoustic wave filter 
different from the electrode finger period of the ir st 
portion of another stage thereof, the passband width can be 

, ( fho,,t causing the deterioration in VSWR. 
expanded even more without causing ^ 

Wh-^-the-eleet-rode-toge^ period of the firs P 

Afferent in each stage of the multiple-st age long tu na lly 
coupled resonator-type surface acoustic wave filter, 
passband width can be effectively expanded 

.men at least one series resonator and/or P«* llel 
resonator is connected to an input side and/or 
not only the reduction in the insertion loss in the pa sband 

n * t-hP out -of -pas sband attenuation 
but also the expansion of the out of p 
amount can be achieved according to various preferred 
embodiments of the present invention. 

The longitudinally coupled resonator- type surface 

,. 1her =rcordinq to various preferred 
acoustic wave filter according ™ nc ,t- ru cted so as 

embodiments of the present invention may be c-truct^ 
to have a balanced-unbalanced input/output or a balanced 
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a "1 input/output types o £ — , 

coupl ed resonator-type sur.ace acoustic wave =~ - 
easily proved in accordance with various ap, , r « - 
Since a co»unication apparatus according to a pre 

4--;^-n i c; provided witn tne 

embodiment of the present invention xs prov 

„-n*llv coupled resonator- type surface acoustxc wave 
longitudinally coupiea embodiments 

i. ar-rordinq to various preterreu 

filter constructed accoramy 

n f the present invention as a band-pass filter, the 

of the present: bandwidth and the low 

communication apparatus having a wider bandw 

loss can be constructed. 

« «f illustrating the invention, tnere 
For the purpose of illustrate y 

QPV eral forms which are presently 
S T "^t ZZ »Tr a, however, tnat tne invention is 
Tofu^d to ^precise arrets and instru.entaiities 

shOWn * . , oH ^ features and advantages 

Other elements, characteristics, featu 

f the present invention will become more apparent -from the 
of the present embodiments of the 

following detailed description of preferred 

. rafaw>n r e to the attached drawings. 

pre s ent inv6 ntn-on-w-i-fe-h-r-e£ereuc.e_ku 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig ! is a schematic plan view of a longitudinally 
g " _ .-j »rp filter according 

coupled resonator-type surface acoustic wave 
cou P iC . ^ ^ -nr^sent invention, 

to a first preferred embodiment of the present 

Fig 2 is a model plan view indicating the electrode 
construction of a conventional longitudinally coupled 
resonator-type surface acoustic wave filter " 

Fig 3 is a diagram indicating the amplitude 

• «, of the longitudinally coupled resonator -type 
characteristics of the longi pre ferred 
surface acoustic wave filter according to the first p 
embodiment and the conventional example. 

Fig. 4 is a diagram indicating the amplitude 
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characteristics of the conventional longitudinally coupled 
resonator-type surface acoustic wave filter^ 

Fia 5 is a model diagram illustrating tne 

9 _ „f fh e conventional three 

between the electrode construction of the conv 

rm type longitudinally coupled resonator-type surface 

f-iit-pr and resonant modes. 
aCOU3t ;lg Wa i a Hagra. indicating the relationship hetween 

ch e ratio of the electrode finger pitch of a 

r,f a second portion of tne 
the electrode finger pitch of a secon y 

tne ei^ surface acoustic wave 

longitudinally coupled resonator- type sur 

• -1^0 aprnrdinq to the rirst 
filter and the propagation loss according 

preferred embodiment. reflection 
Figs. 7(a) and 7(b) are diagrams showing reflection 
• in each of cases in which the number of 

narrow-pitch eiectruu a -.,,. OT . acC ordinq to the 

resonator-type surface acoustic wave filter accordi 

* • =f nref erred embodiment is eight and twelve . 

fltSt " Is a graph indicating the change in VSWH in a case 

in which the number of narrow-pitch eiectrode fingers is 

■ ^ f^rQi- nref erred embodiment. 

^ ^-yrr-Kp-chanqed"- i-n-t^e-£xr.s_t_ pr er ex 

caused to be cnangs ,_ JJ ^ f . n t ^ electi 



Pig . 9 is a model plan view indicating the electrode 
!• n of a one-stage longitudinally coupled resonator- 
construction of a one stag g modified 
type surface acoustic wave filter according 

f «. v,o first nref erred embodiment, 
example of the first pre , he electrode 

Fiq 10 is a model plan view indicating the e 
tig. iu lonqitudinally 
• « o-p another modified example of tne lonyx 
construction of another mo according 
coupled resonator-type surface acoustic wave 
^ hhP first preferred embodiment. 

Fig 11 is a model plan view indicating the electrode 
!■ . of a lonqitudinally coupled resonator- type 
construction of a longitu seC ond preferred 

wavp filter according to a secouu y 
surface acoustic wave rniw 
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, of the longitudinally coupled resonator-type 

the resonant mode of th J 3econd pre£e rred 

surface acoustrc wave frlter accor g dinally oouple d 

embodiment and the resonant mode of the long 
resonator-type surface acoustic wave filter accordmg 
first preferred embodiment. 

Fiq 13 is a graph indicating the amplitude 

surface acoustic wave filters according 
f : rat . nref erred embodiments. 

14 is a model plan view indicating the electrode 
!'on of a longitudinally coupled resonator- type 
construction of a lon * according to a third preferred 

surface acoustic wave filter according 

embodiment of the present invention. . n( , icatinq the 

Figs . 15(a) to 15(c) are diagrams each indicating the 

■ n rq 0 f the longitudinally coupled 
reflection characteristics of the g the 

resonator-type surface acoustic wave filter 

first preferred e^odiment, the ^^^^^ the 

a , nr tvDe surface acoustic wave filter according 
resonator-type surra ronst ruction obtained by 

third preferred embodiment, and a constructi 

^ _ gh _ b .^^ of narrow-pitch electrode 
changing the balance o __ nah0 r-tvT>e surface 



changing tne cdx*^ — surface 
fingers in the longitudinally coupled resonator type - 
Acoustic wave filter according to the third preferred 

embodiment. -indicating the amplitude 

Fiqs 16(a) and 16(b) are graphs indicating 

Figs, j-o \ longitudinally 
v. ..eristics and VSWR characteristics of the 10 g 
characteristics anu filters according 

t-^P surface acoustic wave rij-ueo-o 
coupled resonator-type surra pre ferred 
to the third preferred embodiment and the first pr 

embodiment. t aMna t he amplitude 

Figs 17(a) and 17(b) are graphs indicating the P 

n . VSWR characteristics of the longitudinally 
characteristics and VSWR charac acC ording 
coupled resonator-type surface acoustic wave 
to the modified example shown in Fig^ 15 (c)^ . ndicating 
Figs. 18(a) and 18(b) are a model plan 



the electrode construction of a ^ « . 
r esonator-type surface acoustic ^ a f ros J ectiona l 

fourth preferred embodiment ^JJ^^^ to the 
view thereof taken along the direction 
elec trode fingers^ ^ 

tics of the longitudinally coupied resonator-type 
characteristic of the g ^ ^ ^ ^ 

surface acoustic wave 

first preferred embodiments. elec trode 
Fig 20 is a model plan view indicating 

! n of a longitudinally coupled resonator-type 
constructs of a ^ tQ a f ifth pre ferred 

surface acoustic wave filter acc 
embodiment of the present invention. 

B . ,i is a graph indicating the amplitude 

' t cs of the longitudinally coupled resonator- type 
characteristics of the 1 9 ^ f . fth preferred 

surfa ce ^J^^^^ly -pied 
embodiment and the convent ,.,..„. 
resonator-type surface acoustic wave " lt «- 

Fig . 22 is a graph indicating the amplitude 

^i^,_^^_ long .^ to ally-C°u pled resonator-type 

characteristics of 1 ^ pre£er 



characteristics of a icogx ^ pre£erre(J 

surface acoustic wave filter ^°*J resonator - tyP e 
embodiment and the longitudinally couple 
surface acoustic wave filter according to the 

embodiment. Mi^^rafina the electrode 

Fiq 23 is a model plan view illustrating 

/•on of a longitudinally coupled resonator- type 
construction of a lo g ^ a preferred 

surface acoustic wave tiite* 

embodiment of the present invention electrode 
Fiq 24 is a model plan view illustrating 

/•on of a longitudinally coupled resonator- type 
construction of a lon 9 according to an eighth preferred 

surface acoustic wave filter accora y 

enfcodiment of the present invention^ d 
Fig 25 is a model plan view illustrating 



, of the longitudinally coupled re senator -type surface 
example of the lo 9 ^ ^ ^ preferred 

acoustic wave filter acco 

embodiment. illustrating another 

Fig . 26 is a model plan vie resona tor-type 
n ^-f t-hP lonqitudinally coupicu 
mod ified example of the 1° 9 ^ ^ ^ preferred 

surface acoustic wave filter a 

embodiment. illustrating still another 

Fig . 27 is a model plan vie resona tor-type 
n _ -F lonqitudinally coupi^u. 

m odified example ° J ding to the eighth preferred 

surface acoustic wave filter 

embodiment. illustrating another 

mod ified example of ^ ^ ^ ^ preferred 

surface acoustic wave filter ac 

embodiment. nitrating still another 

Fig. 29 is a model plan vie reson ator-type 

■f fhP lonqitudinally coupicu 
m odified example of the on ^ ^ ^ preferred 

surface acoustic wave filter 

embodiment ■ an _ v ,j ew _m,u strating still another 

Fig . 30 is M CO u P led resonator type 

modified example of the 1 9 ^ ^ ^ preferred 

surface acoustic wave filter 

embodiment. indicating the electrode 

Fi , 3! is a mode reson ator-type 
—truction of a ^^J^ to . ninth preferred 
surface acoustic wave filter ac 

embodiment of the present invent i . relationsnip between 

~ • o nv?mh indicating tne rex* 
Fi g. 32 is a gr^h fingerg ^ ^ passband 

the number of narrow-pitch 

width. wicating the relationship between 

Fig. 33 is a graph indlCatin9 of the IDT and the 

B , of ch ange in the center distance 
the amount or cndnyc 



propagation loss. 
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■ ara ph Illustrating a preferable range c£ an 
Fig . 34 « a graph U ^ tfet is not 

el e=trode finger spac.ng drstanc ^ 

creased in which the decreased and the 

j. efaTire whose pitcn ib ^ 
finger spacing ^ e ^ finge rs for obtaining 
number of narrow-pitch ele ^ shQWn> 

preferable filtering characte a commun ication 

. uiork diaqram lllustxd^ ^ 
Fig. 35 is a block diag led res0 nator- 

apparatus provide, with the „ . prefer red 

type tnvenClo „ as a band-pass fUter. 

embodiment of the pre 

*n ASCRIPTION OF PREFERRED EMBODIMENTS 
DETAILED DESCRIPliu present 
• preferred embodiments of the p 

Hereinafter, prere refe rence to the 

, • on are explained in detail with ref ere 
invention are 

drawings . described in more detail by 

The present invention is descr to tne 

i referred embodiments accorai y 
illustrating actual preferrea 

present invention. uiustrating a 
F ig. 1 is a schematic plan v ^ ^ 

lo ngitudinally <^"^ * etrtoo diment of the 



lo ngitudinallY coupled - ^ of ^ 

filter according to » f pre f erred embodiment and 

present invention. The present P & rece iving 

. Q fprred embodiments are appj-± 
T7^£^~ EGSM type mobile P*~- ^ 
W^nally coupled "J^^f t*e 

fi l ter according to a band . pass filter in another 

present invention can be communicatio n apparatus 

type of mobile phone and another 

except the mobile phone. resonator . t ype surface acoustic 

A longitudinally coupled ««»\ eroio diments of 

wave filter X » — > an 

the present invention P ^ ^ schematic p i an 

electrode construction, 
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■ „• i on a piezoelectric substrate 2. The 
vl ew » F*. 1. - Md using . 36 ° V-cut X- 

piezoelectr.c The piezoel ectric substrate 2 

propagating UTaO, hav ing another 

may be constructed usrng a LiTaO, su constructed 
crystal orientation Mternat-^ , ^ * ^ ^ 

u3 ing another P^*"™ "^„ lc single crystal, such 
substrate, for example, a pie ^ piezo electric 

as a Li«b0 3 substrate or a quart* . cry ^ 
ceramic or other suitable by £ormi ng a 

piezoelectric substrate 2 may ^ 
piezoelectric thin film such as a ZnO 

insulated substrate. ^.senator-type surface 

In the longitudinally coupled reson, * > 
» filter 1 according to the present p 
acoustic wave filter „„ atruc tion, which is fully 

embodiment, the """^ ez elect ric substrate 2 

scribed below, is f «-* « £J ^ ^ „ a „ alloy My be 
preferably using Al . A ™ eta 

used as the electrode material . second 

^ r,ref erred embodiment, i""t 
-I P the present preferr _ _^ aee _ aCQ u stic wave 



-I " the present pre, su , r _ £ , aGe -ac.au stic wave 

.ongitudinally ^ ^ ^ted. That is, the two 
filters 11 and 12 are surface acoustic wave 

.ongitudinally vertical connection, 

filters 11 and 12 estabi ^ ^ 

Th e -face acous- ^ propagation 

-"ofte C i: Rustic wave. That is, these surface 
direction of the su ^ ^ ^ ^ 

acoustic wave filters surfac e acoustic wave 

longitudinally coupled -senator type c ^ 

£iltar s. The °^^J\Z M the same. 
£il ters U and 12 preferably ^ ^ ^ ^ tQ 15 _ 

The surface acoustic wave f ^ ^ ^ ^ o£ 

Grating-type ""t, 1S formed thereon in the 

a portion having the IDTs 13 to 
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►<™, direction o£ the surface wave. Likewise, the 
propagation lectio ^ ^ t<> 20 and 

surface acoust re - va i te , ^ ^ ^ ^ 

. . _ +-y,~ surface wave. 

^^^Tp^- — - - t^itTr 
14 proved in the .iddle - * = ^ ^ 

,1 is an input tergal, and terminal . 
o£ the surface acoustic wave f rlter x. P 
E nds of the IDTs 13 and 15 are connected to the o P 

j on aq is obvious from fiy. 
j ^ TDTS 18 and 20. as ib u^vx 

ends of the ICTS and IDTS 18 to 20 , which are 

other ends of IDTs u to 

to the corresponding ends connected to the 

S—t— « — d to ° ther IDT3 ' " e 

each connected to the ground potential. 

Th e longitudinally coupled resonator- type surface 

.tie wave filters 1 according to the present preferred 
acoustic wave surface acoustic 

embodiment is characterized m that, i 

■ filters 11 and 12, the electrode finger pitch of a 
wave filters 11 ai electrode finger 

portion of " s-i~ower ^ the e!ec ^ 

pitch of the regaining portion of the DTe ^ ^ 

the !DTs that are adjacent to each other^ ^ 
mor e detail using the spacing between IDT 13 

example. « a ~vi n ther in the 

The IDTs 13 and 14 are adjacent to each other 

„■ „ of the surface wave. The electrode 
propagation direction o he u ^ ^ ^ ^ 

finger pitch between the electroa a ^ 

several electrode fingers from the edge part of 
are several e the elect rode finger 

nn the IDT 14 side, is narrows 
Itches the refining elec«ode 

^ 139 ' t "t'rode ftgers lia and * — • « 
irra Tei:: f^ers «~ - edge portion of the XDT * 
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TDT 13 side, is narrower than the electrode finger 
on the IDT 13 side ^ ^ ^ ^ the 

Ditches among 14c, 14d, i*e, » 

portion in which the electrode finger pitch between h 
Ictrode fingers 13a and !3h, which are » - 

f . naers from the side edge portion of the IDT 14 as 

fl ngers from ^ ^ portion in which 

above, is narrowed is a first P electrode finge rs 13c 

the remaining portion provided with the electr 

to I3g is a second portion. In this manner, m the surface 

wave filter 1 according to the present preferred 
acoustic wave filter , urality of electrode fingers 

jj M „f pac h IDT causes a plurality uj. 
^HL^ -i- of its accent IDT to be narrower 

rectrode finger pitch than the electrode finger pitch of the 

remaining thereof. first portions 

in the IDT 14 provided m the miao. 

•rt.d at both sides in the propagation direction of the 

also m a portion m t-he IDT 14 on the 

and 14i are provided at the edge portion of the IDT 
TDT-lWi-de-.he-e,e e .t-r-ode-fln g g r pitch is narrow^ 



IDT~T5 sicre-trne-e-arcc^— - - _____ 

Accordingly, the portion in which the electrode fingers 
and Hi are provided is also the first on ^ 

!„ the IDT 15, the first port.on is =°" s " U " ed 
BW 14 side preferably in the sa« manner as in the IDT 13, 
Z he reining portion, other than the first portion 

^- „ ThP TDTs 18 to 20 of the 
constitutes the second por io r. The XDTs ^ ^ 

surface acoustic wave filter 12 are co 
a similar manner to the IDTs 13 to 15. 

in Fig. 1 and other figures each representing the 
el ectrode constructions of subset modification espies 
and other preferred embodiments, in order to simpl fy 

- • n« the electrode fingers are shown so that the 

illustrations, the eiecuiuu =, f 

, -, che actual number thereor . 

number thereof is smaller than the act 
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Hext , details of the electrode construction o£ the 

,.., or -1 =rrordinq to the present 
surface acoustic wave filter 1 according 

x_ 3 re described more specifically, 

preferred embodiment are aescn 

i BTinfh of the surface wave determined by the 
The wavelength or t«c 

electrode finger pitch of the first portion is m and the 
^length of the surface wave determined by the electrode 
f-inaer pitch of the second portion is M2 . 

Z intersecting width of each of the electrode fingers 
IDIS 13 to IS is prefers approximately 3S.SU2 and the 

, thickness is preferably approximately 0.08X12. 

electrode film thickness P are 
The numbers of electrode fingers of the IDTs 

as described in the following P*" 9 " 1 ^ 29 in which 

IDT 13 ■•• The number of electrode fingers is 29 



th e nuler of ' electrode fingers of the «»' 
t he number of electrode fingers of the secon P r i ^ 

IDT 14 • • • The number of electrode fingers 
th e nulers of electrode fingers of the first portions on both 
"des are each 4 and the number of electrode fingers of the 

^::T-'Z nullr" electrode fingers 



t he nuler of electrode fingers of the first portion is 4 and 
the nulr of electrode fingers of the second portion is „. 

The above III indicating the wavelength of IDT is 
preferabiy approximately 3.90 ,m, and XI2 is P-ferably 

approximately 4.19 urn. re£1 ectors 16 and 

The numbers of electrode fingers 

„ are 100 and a wavelength » is 

Taking the IDT 13 in rig. 1 for example 

^ first portion and the second portion is the 
between the first port eleccro de finger 13c and 

distance between the center o th e ^ ^ 

the center of the electrode finger 

0 ,5X11 ♦ 0.25X12. The distance between the first por 
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IDTs is preferably set in a 
t he second portion of the ot e ^ 
slmilar manner as the above ^ ^ 

the iDTs that are » iU o£ the IDT 14 

center distance between the e ^ ^ ^ ^ 

and 15a of the IDT 15 which are ad] 

preferably about 0.50 »^ ^ idts „ and 15 and 

In addition, the distances ^ ^ ^ ^ ^ ^ 

the corresponding re£leC "" between the outer edge 

electrode finger center o£ the re£le ctors are 

portions of the IDTs and the inner 

preferably about 0.50». ^ ^ ^ pre£erably about 

The duty of each of th I ^ pre£erably about 0.55. 

,.,3. and the duty of the re e ^ , iM to .the 

The duty is the ratio of th ^ ^ £inger 

electrode finger width * the d 

SpaCl09) ' ,0 of the surface wave filter 12 and the 

Th e IDTs 18 to 20 of the in 
r ef lectors 21 and 22 are constructed p ^ ^ ^ ^ ^ 

— 3 ubstant-4a-l-ly-t he same ^ " cons trued 

re£1 ectors 16 and "^^J^ is characterized in that 
Th e present preferred e ^ ^ ^ portlon 

th e distance between the fir P ^ M each 

and the distance ^ escribea manner. M described 

ot her ~ ie f 9ne h se d s a nc es are preferably about 0.50 
in detail below, these d „ nen th e 

times the wavelength ^J^^ „ di££ere nt, it is 
wavelengths on both sid ^ ^.^ 

preferable that the distance order to 

■ k.i, o 25 times these wavelengtn 
approximately 0.25 

maintain the continuity oft ^ longitudin ally coupled 

F or comparison, a conventi ^ prov ided. The 

r esonator-type surface acoustic «™ m l iongitudinally 
electrode construction of this 
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■ n 2 As is obvious from Fig. 2, the longi 

m Fig. Ai» j-b « f 201 is not 

coupled resonator-type surface acoustic ^« 

•j * with two types of spacing such as proviaeo 
provided with two yp sur£ace acoustic wave 

longitudinally ^ che SOTe mann er except that 

filter 1. They are constructed 

» .,,-h electrode finger spacing part is 
the distance of each elecC ical parts , detailed 

identical. Therefore, cone ^ the re£ere „ce 

■ 4.-^= i-h(=reof are omitted by assiyiu' 3 
descriptions tnereot « rpfereIlce 

numerals to the identical parts * _ eral 
numerals ~ <~«^ LLuv coupled resonator- 

type surr electrode 

preferred embodiment. The deta provi ded 

construction of the surface acoustic wave filter 

for this comparison are as ^™ S ' ^ ^ to 215 

That is, the intersecting width H of the 

^^i,r oVr The numbers of 
and 218 to 220 is approximately 43.2A.I. 

eiectrode fingers of the IDTs are as follows: 

IDTS 213 , 215, 218, and-22-0 2-S,-and 

IDTS 214 and 219 ••• 31. 

n t-h 3LI of the IDT is preferably about 4.17 um 
The wavelength XI ot tne ± v 

an d the wavelength « of the reflector is preferably 

.I The nu*ers of electrode fingers of the reflectors are 

SaCh 'I a dj aoent IDT to IDT electrode finger center distance 
is 0 * an! the electrode finger center distance between the 
sector and the IOT adjacent to the reflector is . ^ - 

„ Vnn the duty of the IDT and the duty of the 
addition, tne auuy electrode 
are the same as the preferred embodiment, and 

film thickness is 0.08X1 longit udinally coupled 

Amplitude characteristics of the lo g 
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resonator-type surface acoustic wave filter in the ^ 
preferred embodiment and in the conventional example that were 
prepared in the above-described manner were measured. The 

w„ i The solid lines m Fig. * 
results are shown m Fig. 3. The soiiu 

resent the results o £ the present preferred — ^ and 
the dashed lines represent the results of the 
example. Furthermore, characteristics obtained by magnifying 

important portions o£ each amplitude te " StlC 

., •„„ i-h. solid lines and the dashed lines by the 
represented using the solid 11 

scales on the right side o£ the vertical axis 

A s obviously indicated in Fig . 3 . the insertion loss in 
t he passband can be much more proved in the longitudinally 
coupled resonator-type surface acoustic wave filter 1 

according to the present preferred embodiment than in the 
according ^ insertlon los3 

conventional example. For P conve ntional 
in the passband is approximately 2 . 3 dB m tne 
example while it is approximately 1.7 dB in the present 
TreTerred embodiment, which demonstrates the improvement by 

approximately 0.6 dB. 
-^^The-bandw-jd-t-h-hav-ing-th e attenuation amount of 4 . 5 dB 



from a through level is approximately 44 MHz in the 
conventional example while the same band ^ 
attenuation amount of 3. 9 dB from the through level . cn £ 
obtained in the preferred embodiment. That is, when ^ison 
is made with respect to the entirety of the passband the 
insertion loss is improved by approximately 0.6 dB in the 
Resent Purred embodiment compared with the conventional 

"^'in the present preferred embodiment , the reason why the 
insertion loss can be improved in the above-described manner 

is as follows. 

in the design of the conventional three IDT type 
longitudinally coupled resonator-type surface acoustic wave 
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filter, the electrode firmer center distance between the 

t a e advent to each other is around o.«U. -is is 
b ecause the passed is formed making use of three resonant 
mo des having peaks indicated by three arrowy , A ^ 
frequency characteristics of the conventional surface 
frequency clari fied by changing the 

wave filter shown m Fig. 4 clam 

, ,0 Q to 500 £1. That is, in the electrode 
impe dance t0 5 the passband is formed by making 

construction shown in Fig . . P a 

o of a resonant mode (the arrow C in Fig. * J 
use of a resona gurface acoustic wave m 

of the intensity distr ^ ^ ^ 
an idt- IDT spacing portion other than a ^ 
B shown in Fig. 4) and a second mode (the 
4) schematically shown below. 

However, the distance of the IDT to IDT spac ng 

n n ,rVI causing a discontinuous portion to occur 
approximately 0.25X1. causing 

fa , A acoU stic wave propagation path. There aris 
in a surface acoustic _ P increaS es because the amount 

problem that the propagation loss increases 
of component radiated as the bulk wave increases m the 



■discont inuous portion. £ _ t _ he -abov.e. 

order to decrease the amount 
Therefore, m order to 

scribe, proration loss, it ^ * t £ the 

ai3 continuous portion should be by t 9 

distance of the IDT to IBT spacing to about O.SOU. Ho„ev= 
when the distance of the IDT to IW spacing - ' 

si nce the above to .odes are ^ -^^be achi eved. 

— - -t — ^ characterised in that, 
The present preferrea en 

i,™ fhe two problems described above, tne a 
in order to solve the two p ^ ^ ^ 

£i rst and second persons altering th e 

ad-iacent to each other. That is, oy y 
are adjacent ^ passband 18 

electrode finger pitch m the Qf 
formed making use of the three resonant modes, 



- 19 - 



«=!*■ 

c ■;: 
i) :i :' 

■„ Hi 

&v'v. 
z ' " 

I r. 'i 



m 



It Sl! 



■ = rP duced by setting the 
lo ss radiated as the bul* wave is ^1 0.50 ti.es 

of the IDT to IDT spacing to approxi 
distance of the iui spacing. 

, £ 4_ IDT on botn bJ-u.00 ^ 
the wavelengths of tne elec trode finger is 

smaller than the wave length. °* ^ loss of the 

through the ^'^ S 1 ^., as 

surface acoustic wav ' ^ £inger pit ch of the first 

.escribed above, since the e^e ^ also 

porCion is smaUer than th of ^ ^ 

— 3 ^ £ Pr n; sh L in Fig. 3, aUhou 9 h the same 
Therefore, as is MamD ie in which the 

i-v,© conventional example 
pass band width as in ^ ^ ^ ^ 

realization of a Wlder inse rtion loss in the 

present preferred embodiment, the conve ntional 

*o areatlv reduced compared to ti 
passband can be greatly * 

eXample ' Yamin ed how small the electrode finger 

The inventor examined h constructed compar ed to 
pitch of the first port on shoul ^ ^ 
that of the second portion, so that p 

obtained. h of the first portion 

That is, the electrode finger p 

of tne longitudinally coupled f ^ e ^ odim ent 

shown in Fig. in pig . 6 . 

because o£ this. The results are ^ ^ ^ rf the 

Th e horizontal axis of ^ ^ 

el ectrode finger pitch of the irst p ^ ^ 

^ 4= t-vio qecond portion ireren^ 
finger pitch of the secon P £ . nger) whlle the 

pitch ratio of a -""^ ^ The propag atio„ 

V ertical ^'^v gained by subtracting the loss 
loss in Fig. 6 x. the valu ^ ^ by the 

due to impedance mismatch and inse rtion loss 

electrode finger resistance component from 
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a case are sh own in which the numbers of e iec trod e fi - 

as examples of the IDTs to . ^ 
fingers having the narrow electrode finger pi 
tota l sum of the nunfcer of electrode fingers of the st 

n of the IDT 13 (two fingers are shown m Fig. D 
portion of the electro de fingers of the first 

the number of narrow-pitch electrode g 

- . tfit 13 side \ two iinycio « 

portion of the DT ! £ingera ^ shown in Fl9 . 

":: 9 e^t fingers, twelve fingers. » «~» 

IDT 1S and the m 1. » stous . design in 

fingers are shown in Pig. 1. That 9 elecCrode £in gers 

v. „f narrow electrode-finger-pitch electroae 
the number of narrow eie num ber of 

■ . four in the following description, that the nu 

is four, xii uiic , defined in the 
narrow-pi ToT^rertrode-f-ingers^ anB the value 

^""indicated in rig. — the pitch~tio 
o£ th e narrow-pitch electrode finger is in the P— of 

■ f „D»s the propagation loss is minimized 
approximately 0.95, the p P a elec trode fingers, 

regardless of the number of narrow-pitch ^ 

„, ro , re soonding to the improvement in this 
Tbe amount correspo g ^ ^ ^ ^ ^ ^ 

ua ve aid the amount corresponding t< ,„ <^££-*» 

loss of the surface acoustic wave d Y 
propagation loss 01 

^ ^Ts/ro^'decrease the 
band, it was found to be preferable that the pitch 
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. trh elec trode finger is set to the order of 
the above narrow-pitch electroa 



this value. 



alue . . vorinrtion was 

, . » ranae in which the propagation reduction 

ared to the conventional example was determined. 
—»« co ** red . t ° ^ convenclo nal method, the propagation 
In the design using th onve ^ ^ ^ ^ 

ioss is approximately 1 . ^ ^ o£ 

preferred embodiment 1 is P 

narrow-pitch electrode fingers be 1 ^ ^ 

• -.K„i o„slv indicated Fig. 6, the raua 
As is obviously observed is in 

effect of the propagation loss can 
reduction effect o narro „-pitch electrode 

the range of the pitch ratio ^ ^ 

£ _ i \~ n 83 to about u.??. ^ 
finger of about »- 83 electrode finger is below 

ratio of the narrow-pitch elect ^ ^ 

approximately 0.83. the ^ the reBtr iction of 

appropriate condition. However consider g ^ ^ 



0 . 83 to about 0^9 q£ ^ q£ narro „. pi tch 

next , a pref er ab ^ 7 shows reflection 

characteristics in cases ^ ^.^ parameCers 

pitch electrode fingers are set to u achie ved 

„ ■ „, »d for each so that impedance matching 
are adjusted for eac the case in 

in the corresponding pass band^ < ^ ^ ^ 

uhich the number of ""-^•^^ o£ narrow-pitch 
Fi g . 7 (b) shows the case in which the n 

electrode fingers i. 12. electrode £inge rs is 

When the number of P concent ration 

increased, there is a ^^"^ VSWR or the 
ratio of the impedance, which ^tends ^ ^ ^ 

aviation in the >^ ^ tends to be narrowed, 
passband is """"^^ of the abov e-described preferred 
Accordingly, using the design 
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.. . t.^ ohanqes in VSWR as well as the 
e^odi.ent as a basely, the chang ^ ^ 

passband width were measured m a case ^ 
narrow-pitch electrode f ingers was changed. 

shown in Figs. 8 and M. ^ o£ ^ passband 

The value of VSWR in ng. 

■ „• 19 are the values in a case in which the 
width m Fig. 3 are the narro „. pitch electrode 

intersecting wxd h tn pr ^ ^ 

rmrd U Sieved in a— .with 

narrow-pitch — " 

is preferably about 2.5 or below, 

preferably approximately 42 MHz or above in « M» - 
considering the change in characteristics due to the 

characteristic variations or other 
temperature, characcerib^ 

characteristics. electrode fingers 

m Fiq 8, the number of narrow-pitch electrode y 

V « a ranee in which VSWR is about 2.5 or below. 
is 18 or below m « in rf narrow . p itch 

As is obvious from i. « tb. n ^ ^ lg 

electrode fingers is also referable that 



electrode fingers is ax W « prefera ble that 

approximately 42 o be 18 or above. 

the number of narrow-pitch 9 nce and 

This increases the concentration ratio P 

,«n «q the deviation in the band, i" 
decreases VSWR as well as the ae 

< r was discovered that this enables the 
addition, it was disco acoU stic wave 

iongitudinally coupled resona ™ 

D11 ffirient passband width to De oul.o 
filter having a sufficient p examined in 

Next, the change in the propagation loss 

a case in w hich the --ance ™ ^^J^. 
ranged from what was used m the p , ^ ^ 

The results are shown ^ Renter distance between the 
adjacent IDTs, for example, the cente ^ 

rpnt electrode fingers 14i and 15a of the iiu 
adjacent electr Drefera bly about 0.50X11. 

IDT 15 in Fig. 1, respectively, is preferafc y 



- 23 - 



33 the change in the propagation loss is plotted with 
in Fig. 33, the cha g distan ce from where the 

rescect to the change m the center a 

P n in Fig 33, the propagation loss is 

r, cniTi -it? set as 0. m tig- JJ > c 
value 0.50U1 is set c t distance 

~a in accordance with the change m the center a 
worsened in accoraauu nT - nve d to be 

b etween the accent IDT.. That is, xt l. P-ved ,t 
preferable that the center distance between the ad a en 

n K niTi in order to obtain a low loss filter. 

be ab0 ut o om „ ~d ^ ^^^^ between the £irst 

Likewise, it is preterao . _ He5C! are different be 

portion and the second portion whose pitches are 

■ at -.lv 0 25X.I1 * 0.25U2, as shown in the present 
approximately 0 25X11 ^ ^ £Ucer 

Pre£e TVt « i e between the electrode risers 

„ ten s not de Leased, for example, the center distance 

whose pitch is not a x „ as 

hetween the electrode « ~ « « beC „ een che 

examined concerns how lo th « ^ ^ _ 

electrode fingers 13c and 14c obtaine d by 

• Pia 34 Fig. 34 shows the results obtained o Y 
"n/! center distance between the elect- £i n 9 ers 

construction of prefe ^ ohar acteristics 

is designed so that the ^ ^ ^ 

£or various applications such 

al so a DCS method, and a PCS method^ In aU ^ 
it is designed so that the belo „. The 

• obtained and VSWR is approximately 2 . 5 or 

15 obtained anQ . in dicating the center 

horizontal axis represents a value m 

Ltance between the electrode « ^ ^ ngers 

d ecreased using the wavelength »*«^ - ^ ^ 

whose pitch is not decreased. This value 
eve ry value is in the ra,ge of apc—tely 0.0 to^ ^ 
by subtracts the ^ ' _ / ^ example , when 

corresponding center distance in dotting is made 

the wavelength ratio is approximately 4.73, P**ti 9 
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a q approximately 0.23 in Fig. 34. 

as approxx between the electrode 

In Fig . 34, center <*"^ B * concentrated in 

fingers whose pitches are not leased Furt hermore, in 

the range of approximately 0.13 to about 0.23. Fu 

t-hev are in the range of about 0.08 to about 0.24. 
all cases, they are in distan ces are 

in the related art shown xn Fxg. 2. t 
preferably in the range of approximately 0.25 to 
preferably embo diments of the present xnventxon, 

in the case of preferred should be in the 

it is indicated that the center dxstances sh 
range of about 0.08 to about 0.24, and preferably, xn 
range of about 0.13 to about 0.23. 

Mthough 3," Y-«t X-propagating LiTaO, - 
* the present preferred embodiment, a LiTaO, substrate 
used in the present p substrate, or 

having another crystal orientation, the Li 

^ nepH For example, a 
other suitable substrates may be used Fo P 

*_ .ff 0 rh ran be obtained in tne piez,u<=x 
particularly great effect can 

substrate using the leaky »ave, such as a 36 
Dr opagating LiTaO, substrate, a 64° to 72- -cut x-propagating 

x . pro pagating LiHbO, substrate. 

L-i-KbO,-s.ubs.t jrate, or a 41 v T r> T -eype 

m the present preferred embodiment, three IDT type 



Vnallv coupled resonator-type surface acoustic wave 
longxtudxnally coupled vertical connection. As shown 

f ilters establish the t~--J^£ embodiments of 

in FiQ 9, the advantages obtaxned xn pr 

he Isent invention can be obtained by using the same 
the present i pre£e rred embodiment in 

C rre sra e o itudinally coupled resonator-type surface 
the one-stage iwa present inventxon xs 

MFS fil ter 31. Furthermore, the present 
acoustxc wave fxlter 31. example, the 

not limited to the filter havxng three IDTs 

* ^ present invention can be obtaxned by 
advantages of the present longitudina iiy coupled 

applying the present xnventxon to g p . g _ 

resonator-type surface acoustxc wave fxlter 
10 having five IDTs 33 to 37. 



Th at is, in various preferred events of the present 

v. „f TnTs of the longitudinally coupled 
invention, the number of IDTs of the 3 limited to 

aroustic wave filter is not limited 
resonator-type surface acoustic wa 

three It may be five or above. In addition, the 

tudinally coupled resonator -type surface -oust™ 

■ .ot- necessarily limited to ones having a multiple 

filter is not necessaixxy 

stag e ------ schematic plan view sho „ ing the electrode 

— « ' -gitudinally Referred 
surface acoustic wave filter according to the 
embodiment of the present invention. 

A longitudinally coupled resonator-type surface acou 
. lt« 41 according to the second preferred embodiment is 
ted 1 tly in the same manner as the longitudinally 

h the IDTs 14 and 1, which are provided in t e m.d 1 n 
the propagation direction of the surface acoustic wave 

'"""It is while the adjacent electrode fingers of the 

„ j ■ first preferred embodiment, 
adjacent iu T S -axe-g-r-oun4ed-in_the^r^pre_^ 

a J . r- i_v,^ tpitg 14 and 19 are 



t he outermost electrode fingers of the !DTs 14 and 19 are 
connected to the corresponding input and output terminals 
connected t Therefore, the electrode 

instead of the ground potential. Therefore, 
finger which is a signal electrode and the electrode finger 
„ n ich is connected to the ground potential of the outer 1 
are adiacent between the adjacent IDTs. 

To be specific, while the electrode fingers 13. and 15a 
*• h are the corresponding edge portions of the IDTs 13 and 
which are the corre p „,,,.„ fh „ around potential, 

15 on the IDT 14 side are connected to the ground p 
the electrode fingers 14a and 14i of the IDT 14 which are 
lucent to the corresponding elect £ finger, 13a 

z fir m-z-- - — - 



inverted between the IBTs that are adjacent to each other^ The 
lice acoustic wave fiiter 1, is aiso constructed rn the 

same manner. rpqnnator-type 

Th erefore, the preferred 
sur£ ace acoustic wav* ; - ^ ^ 

embodiment has a constructs inver ted polarities are 

fingers between the adjacent IDTs with xnverted p 
two-stage vertically connected. 

Fig 12 shows differences between the resonant 

9 . filter 41 according to the second 

the surface acoustic wave filter 9 

4- *<nr\ hhP resonant mode of tne suna^ 
preferred embodiment and the reso ferred 

-«r a filter 1 according to tne rir^u y 
acoustic wave filter obfcained by changing the 

embodiment. Here, the results obtained by g 

*v«m *n Q to 500 Q and by confirming 
input/output impedance from 50 S2 to 

the ~; ::: — - — 

to the second preferred embodiment and the dashed line 
indicates the result according to the first preferred 
pediment . ^ ^^ ^^^ ^ the resonant 

„ of a standing wave having peaks of the intensity 
mode of a stanamy IDT 

b - „ nf rte surface acoustic wave m tne iui 
distribution of the surra indica tes the second 

^ vj^at-pq the zeroth mode, G inaicdi.ce 
ST- a »de aerated due to a two-stage 

^ nrpferred embodiment is that the 
embodiment and the second Purred 

level of the resonant mode indicated by the 

! d to the ground potentiai in the first preferred 
are ^Z\J Btic „ a ve in the XDT to IDT 

e^od.ment, the surface electric al signal. As a 

spacing cannot be converted into an el 
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~,<«n Pfficiencv to the electrical signal of 
result, the conversion erliciency i. 

np»ks of the intensity m IDT 
the resonant mode D having the peaks or 

to IDT spacing is decreased. adiacent 
On the other hand, since the polarities of the adjacent 
electrode fingers of the adjacent electrode IDTs are inverted 
the econd preferred embodiment, the surface acoustic wave 
can be converted into the electrical signal even in the IDT - 
IDT spacing. Therefore, the conversion efficiency to the 
electrical signal having the above resonant mode is 

increased. , , 

Fi q 13 shows the amplitude characteristics of the 

longitudinally coupled resonator-type surface acoustic wave 
liters according, to the second preferred embodiment and the 
first preferred embodiment and the corresponding amplitude 
'Z clristics obtained by magnifying the ^«£»J t > 
the vertical axis by the scale on the right side of the axis. 
Tne amplitude characteristics of the second P« £ ~"< 
embodiment (the solid line, of Pig. 13 are ^ned^y 
changing the intersecting width from the design condition in 
he irst pre ^ d-e^od*»env-tc-appro*l mately 33.4X13 and the 
wavelength of the narrow-pitch electrode fingers therefrom o 
■ „,» 3 88 um in order to adjust the deviation in the 
approximately 3.88 um m £recTO ency of the mode 

impedance caused by the change in the frequency 

and the level of the mode. 

M is indicated in Pig. 13, according to the second 
preferred embodiment, the insertion loss in the 
Je even more improved than the first preferred embodiment 

(dashed line, and the passband width becomes wider^ 

,. , v it ls preferable that the polarities of the 

Accordingly, it pr ad ,, C ent IDTs be inverted. 

adiacent electrode fingers of the adjacent iu 

T „is enables the longitudinally coupled resonator-type sur ace 

acetic wave filter having much less insertion ioss and wider 

passband to be provided. 
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The advantages of the second preferred embodiment can 
also be obtained in a case in which the polarities of the 
adjacent electrode fingers between the IDTs are inverted in 
the above described manner in only one of the longitudinally 
coupled resonator-type surface acoustic wave filters 11 and 12 
that establish the two-stage vertical connection. 

Fig 14 is a schematic plan view showing an electrode 
construction of a longitudinally coupled resonator-type 
surface acoustic wave filter according to the third preferred 
embodiment of the present invention. 

A surface acoustic wave filter 51 according to the third 
preferred embodiment is constructed so that the number of 
narrow-pitch electrode fingers is preferably the same as that 
in the first preferably embodiment and the number of narrow- 
pitch electrode fingers of the first portion of the IDT 13 is 
different from the nunfcer of narrow-pitch electrode fingers of 
the first portion of the IDT 14 on the IDT 13 side. In 
addition, it is preferably constructed so that the 
narrow-pitch electrode fingers of the first portion of the 

- 15 -^ s -di,f-f-er-ent-trom_the jumber of narrow-pitch electrode 

fingers of the first portion of the IDT 14 on the IDT IS side, 
otherwise, since it is constructed in the same manner as 
first preferred embodiment, by assigning the same reference 

™ . ^v,. f j rqt - oref erred embodiment to the 
numerals used in the first prexer.L« 

corresponding components, descriptions of the corresponding 
elements of the first preferred embodiment are applied, 
elements which are different from the first preferred 
embodiment, are described more specifically. In the present 
preferred embodiment, the numbers of electrode fingers of the 
IDTS 13 to 15 of the surface acoustic wave filter 12 are as 
described in the following paragraph. 

IDT13 ■••30, in which the number of electrode fingers of 
the first portion is 5 and the number of electrode fingers of 



the second portion is 25. 

IDT14 ••• the number of electrode fingers is 33, in which 
the first portions on both sides each have three narrow-pitch 
electrode fingers and the second portion provided in the 
middle has 27 electrode fingers. 

IDT15 ••• 30, in which the number of electrode fingers of 
the first portion is 5 and the number of electrode fingers of 

the second portion is 25. 

In the present preferred embodiment as well, the surface 
acoustic wave filters 11 and 12 are preferably constructed in 
the same manner. In Fig. 14, in order to simplify 
illustrations, the electrode fingers are shown in such a 
manner that the number of electrode fingers is decreased. That 
is Fig. 14 is shown as though the narrow-pitch electrode 
finger is provided on each of the left and the right of the 
IDT 14, and the numbers of narrow-pitch electrode fingers of 
the first portion of the IDTs 13 and 15 are 3. 

The reflection characteristic of the vertically-coupled 
resonator-type surface acoustic wave filter 51 according to 
the pr^nt- pre ferred embodiment is shown in Fig. 15(b). For 
comparison, the reflection characteristic of the surface 
acoustic wave filter according to the first preferred 
embodiment is shown in Fig. 15(c). 

The third preferred embodiment is constructed so that the 
numbers of narrow-pitch electrode fingers of the first 
portions of both of the IDTs that are adjacent to each other 
are different. In addition, the electrode finger intersecting 
width is approximately 47.7^12 in order to match the impedance 

t0 50 As is indicated in Fig. 15, the impedance concentration 
ratio in the third preferred embodiment is worse than in the 

first preferred embodiment. 

The reflection characteristic is shown in Fig. 15(a) in a 
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case in which, on the contrary, the number of narrow-pitch 
electrode fingers of IDT 14 is increased. Changes in this case 
are that, in the third preferred embodiment, the total number 
of electrode fingers of the IDTs 13, 15, 18, and 20 is 28, the 
number of electrode fingers of the first portion is 3, the 
number of electrode fingers of the second portion is 25, the 
total number of electrode fingers of the IDTs 14 and 19 
provided in the middle is 37 in which the numbers of electrode 
fingers of the first portions on both sides are each 5, the 
number of electrode fingers of the second portion in the 
middle is 27, and the intersecting width is approximately 
28.6X12. As is indicated in Fig. 15(a), in this case, the 
impedance concentration ratio is increased compared to the 
first preferred embodiment though the overall impedance is 
capacitive . 

The third preferred embodiment and a modified example 
having the reflection characteristics shown in Fig. 15(b) are 
not exactly preferred embodiments for an EGSM type receiving- 
stage band-pass filter. However, the third preferred 

-embod-imen.t-and-the-mo.di,f,i.ed example are effective for other 

applications. For example, as shown in Fig. 15(b), when the 
impedance concentration ratio is worsened, though the 
deteriorating tendency in VSWR is observed, the passband width 

tends to be widened. 

That is, the solid lines in Figs. 16(a) and (b) indicate 
the amplitude characteristic and the VSWR characteristic of 
the longitudinally coupled resonator- type surface acoustic 
wave filter according to the third preferred embodiment. For 
comparison, the amplitude characteristic and the VSWR 
characteristic of the longitudinally coupled resonator- type 
surface acoustic wave filter 11 according to the first 
preferred embodiment are shown using the dashed lines in Fl gs . 
16 (a) and (b) . 



As is obviously indicated in Fig. 16, according to the 
third preferred embodiment , it is observed compared to the 
case of the first preferred embodiment that though VSWR is 
worsened by approximately 0.2, the passband width at 4dB from 
a through level is widened by approximately 1.5 MHz. In this 
case, it is found that since the insertion loss level in the 
passband is hardly changed, a wider band can be realized while 
the low loss is maintained. 

That is, the third preferred embodiment proves that even 
though VSWR is somewhat worsened, there can be provided the 
longitudinally coupled resonator-type surface acoustic wave 
filter which is suitable for an application requiring the 
reduction in loss in the passband and the expansion of the 
passband width. 

Next, as shown in Fig. 15(a), an example that is 
effective in a case in which the impedance is capacitive 
though the impedance concentration ratio is preferable is 
described. 

Figs. 17(a) and (b) show the amplitude characteristics 
-and— the— VS.WR_ch aracteristic of the longitudinally coupled 
resonator- type surface acoustic wave filter of the above 
modified example using the solid lines. For comparison, the 
amplitude characteristics and the VSWR characteristic of the 
longitudinally coupled resonator-type surface acoustic wave 
filter according to the first preferred embodiment are shown 
using the dashed lines. In the modified example which produces 
the results shown in Fig. 17, the electrode intersecting width 

is approximately 31.0A.I2, the total number of electrode fingers 
of IDTs 13, 15, 18, and 20 is 28, the number of electrode 
fingers of the first portion is 3, the number of electrode 
fingers of the second portion is 25. The total number of 
electrode fingers of the central IDTs 14 and 19 is 47 in which 
the numbers of electrode fingers of the first portions on both 
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sides are each 5 and the numbers of electrode fingers of the 
central second portions are each 37. The wavelength Ml of the 
IDT is about 3.88 pm. Otherwise, the modified example is 
substantially identical to the first preferred embodiment. 

As is obvious from Fig. 17, in the above modified example, 
compared to the surface acoustic wave filter 11 according to 
the first preferred embodiment, although the passband width at 
4 dB from the through level is narrowed by approximately 3.5 
MHz while the VSWR is improved by only approximately 0.7. In 
this case, since insertion loss level is hardly changed in the 
pass band, VSWR is improved while the low loss is maintained. 
That is it is found that, even though the passband width is 
narrow, the longitudinally coupled resonator-type surface 
acoustic wave filter which is effective for an application 
requiring the reduction in loss in the passband as well as the 
reduction in VSWR can be provided. 

uri-rrt nref erred embodiment, 
As described above, as m the third prereri 

by changing the balance of the electrode fingers of the first 
portion, in other words, the number of narrow-pitch electrode 
- fingers, the band-pass fttt*r-io^^ 



fingers, tne uctnu-^a^ — 

easily provided while the reduction in insertion loss xn the 

passband is achieved. 

Figs. 18(a) and (b) are a schematic plan view 
illustrating the longitudinally coupled resonator- type surface 
acoustic wave filter according to the fourth preferred 
embodiment and a cross-sectional view taken along the 
direction intersecting to the electrode fingers. Fig. 18(b) is 
the schematic cross-sectional view between alternate long and 
snort dashed lines X and X in Fig. 18(a) . The electrode 
construction shown in Fig. 18(a) is exactly equal to that of 
the first preferred embodiment shown in Fig. 1. 

Therefore, for the equivalent elements, the corresponding 
reference numerals are assigned. The characteristics of the 
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present preferred embodiment are clearly shown in Fig. 18(b) . 
That is, as shown in a portion provided with IDTs 19 and 20 
and the reflector 22 as a typical example, the film thickness 
of the narrow-pitch electrode fingers is thinner than the film 
thickness of other electrode fingers or the film thickness of 
the electrodes of the reflectors. That is, as shown m Fig. 
18(b), the film thickness of electrode fingers 19f and 19g of 
the first portion of the IDT 19 on the IDT 20 side and the 
film thickness of electrode fingers 20a and 20b of the first 
portion of the IDT 20 on the IDT 19 side are thinner than the 
film thickness of other electrode fingers and the film 
thickness of the electrode of the reflector 22. Likewise, in a 
portion between the IDTs adjacent to each other shown xn Fig. 
18(a), the film thickness of the narrow-pitch electrode 
fingers on both sides of the part is thinner than that of the 
remaining electrode fingers of the part. To be specific, m 
the present preferred embodiment, the film thickness of the 
narrow-pitch electrode fingers is preferably about 0.06X12 and 
the film thickness of the remaining electrode fingers is 



pref erably - about— 0-^0-8-^1-2- 

in the present preferred embodiment, since the film 
thickness of the narrow-pitch electrode fingers is reduced, 
the design is altered from the design of the first preferred 
embodiment so that the electrode finger intersecting width is 
approximately 38.2U2 and Ml = 3.93 um. Otherwise, the 
present preferred embodiment is substantially identical to the 

first preferred embodiment. 

The amplitude characteristics of the longitudinally 
coupled resonator- type surface acoustic wave filter according 
to the fourth preferred embodiment are shown using the solid 
lines in Fig. 19. For comparison, the amplitude 
characteristics of the longitudinally coupled resonator- type 
surface acoustic wave filter 11 according to the first 
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preferred embodiment are shown using the dashed lines. 

As is obvious from Fig. 19, compared to the first 
preferred embodiment, the fourth preferred embodiment proves 
that the insertion loss in the passband is even more improved. 
Generally, in the surface acoustic wave filter using the leaky 
wave, by thinning the film thickness of the electrode 
including Al, there is a tendency to decrease the loss due to 
radiation of the bulk wave. However, by thinning the electrode 
film thickness, the electromechanical coupling factor is 
decreased and the stop-band width of the reflectors is 
narrowed. This arrangement leads to a problem that the 
realization of the wider band cannot be achieved. 

in the fourth preferred embodiment, to solve this problem, 
the film thickness of the electrode fingers is thinned in the 
IDT to IDT spacing in which the radiation of the bulk wave is 
m ost likely to occur, in other words, in the portion in which 
the narrow-pitch electrode fingers are provided. This enables 
the loss due to the radiation of the bulk wave to be reduced 
and enables preferable characteristics to be obtained. 

rig 20 „ schematic plan view illustrating the 



electrode construction of the longitudinally coupled 
resonator-type surface acoustic wave filter according to the 
fifth pre ferred embodiment of the present invention. 

■ v „ ~f t-hP nresent preferred embodiment is 
A characteristic of the present, pj-<= 

that the narrow-pitch electrode fingers are constructed using 
a split electrode as typified by split electrode fingers 13 fl 
and 13f 2 . Otherwise, the present preferred embodiment is 
exactly the same as first preferred embodiment. Only the 
modified elements are described as follows. 

That is, in the fifth preferred embodiment, the electrode 
finger intersecting width is approximately 35.7M2, the 
wavelength .12 of the IDT is about 4.20 urn, and .11 is about 



4.04 (am 



- 35 - 



In Fig. 21, the amplitude characteristics of the 
longitudinally coupled resonator- type surface acoustic wave 
filter according to the fifth preferred embodiment are shown 
using the solid lines. The dashed lines indicate the amplitude 
characteristics of the conventional longitudinally coupled 
resonator-type surface acoustic wave filter according to the 

first preferred embodiment. 

As is obviously indicated in Fig. 21, in the fifth 
preferred embodiment, compared to the conventional 
longitudinally coupled resonator- type surface acoustic wave 
filter, the insertion loss in the passband is greatly improved. 

Therefore, it is determined that, in various preferred 
embodiments of the present invention, the narrow-pitch 
electrode fingers may be constructed using multiple, normally, 

two split electrode fingers. 

The sixth preferred embodiment preferably has exactly the 
same circuit construction as the first preferred embodiment. 
Therefore, by applying the descriptions of the first preferred 
embodiment, the detailed descriptions are omitted. 

The sixth preferred embodiment differs from the first 



preferred embodiment in that the wavelength of the electrode 
fingers of the first portions of the IDTs 18 to 20 of the 
surface acoustic wave filter 12, in other words, the 
wavelength of the narrow-pitch electrode fingers is 
approximately 3.88 urn. Otherwise, the sixth preferred 
embodiment is the same as the first preferred embodiment. 

That is, in the sixth preferred embodiment, the 
wavelengths of the narrow-pitch electrode fingers of the 

longitudinally coupled resonator-type surface acoustic wave 

filters 11 and 12 which are two-stage vertically connected 

shown in Fig. 1 are different. 

in Fig. 22, the amplitude characteristics of the 

longitudinally coupled resonator- type surface acoustic wave 



filter according to the sixth preferred embodiment are shown 
using the solid lines and the amplitude characteristics of the 
longitudinally coupled resonator -type surface acoustic wave 
filter according to the first preferred embodiment are shown 

using the dashed lines. 

As is obviously indicated in Fig. 22, according to the 
sixth preferred embodiment, the passband width is expanded 
compared to the first preferred embodiment. In this case, the 
value of VSWR was approximately 2.0 in both the first and 
sixth preferred embodiments. Therefore, according to the sixth 
preferred embodiment, the passband width can be expanded 

without worsening VSWR. 

Thus, when a plurality of surface acoustic wave filters 
are cascaded, by differentiating among the narrow-pitch 
electrode finger construction of each stage of the surface 
acoustic wave filter, in other words, by differentiating the 
narrow-pitch electrode finger construction of at least one 
stage of the surface acoustic wave filter from that of the 
remaining stages of the surface acoustic wave filter, it is 
-p.r-oved-that_the_pa ssband width can be widened. 

_ t 1 t n ^+ ^ <u 



Fig. 23 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled 
resonator-type surface acoustic wave filter 61 according to 
the seventh preferred embodiment of the present invent xon. The 
present preferred embodiment corresponds to a modified example 
of the longitudinally coupled resonator- type surface acoustic 
wave filter 31 shown in Fig. 9. That is, a surface acoustic 
wave resonator 62 is connected in series as a series resonator 
between the central IDT 14 and the input terminal of the one- 
stage longitudinally coupled resonator- type surface acoustic 

wave filter 31. 

in various preferred embodiments of the present invention, 
the surface acoustic wave resonator may be connected in series 



with the longitudinally coupled resonator-type surface 
acoustic wave filter as shown in the present preferred 

embodiment . 

Conventionally, it is known that, by connecting the 
surface acoustic wave resonator in series with the 
longitudinally coupled resonator -type surface acoustic wave 
filter, the expansion of the out-of -passband attenuate 
amount can be achieved. However, there is a problem that the 
insertion loss in the passband increases although the out-of - 
passband attenuation amount increases. 

On the other hand, in the present preferred embodiment, 
since the above longitudinally coupled resonator- type surface 
acoustic wave filter constructed according to various 
preferred embodiments of the present invention is used, the 
deterioration of the insertion loss decreases. That is, by 
connecting the surface acoustic wave resonator 62 m series 
with the longitudinally coupled resonator-type surface 
acoustic wave filter 31, the out-of -passband attenuation 
amount can be expanded while the reduction in the insertion 

-l-os. 5 -^n-t-he-pas.sb a nd_is achieved. This enables preferable 

filtering characteristics to be obtained. 

Likewise, in the longitudinally coupled resonator- type 
surface acoustic wave filter according to various preferred 
era bodiments of the present invention, since the insertion loss 
in the passband is greatly reduced, the surface acoustic wave 
resonator may be connected in parallel with the longitudinally 
coupled resonator- type surface acoustic wave filter 

<-~ Trar-imie? r>ref erred embodiments of the 
constructed according to various prereneu ^ 

present invention. In this case, while the reduction m the 
insertion loss in the passband is achieved, the expansion of 
the out-of -passband attenuation amount can be achieved. 

Alternatively, the longitudinally coupled resonator- type 
surface acoustic wave filter may include both the surface 
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acoustic wave resonator connected in series and the surface 
acoustic wave resonator connected in parallel. 

Fig. 24 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled 
resonator-type surface acoustic wave filter according to the 
eighth preferred embodiment. A longitudinally coupled 
resonator-type surface acoustic wave filter 71 according to 
the eighth preferred embodiment has the same electrode 
construction as the longitudinally coupled resonator- type 
surface acoustic wave filter shown in Fig. 9. They differ m 
that an unbalanced- input -unbalanced-output is provided in the 
surface acoustic wave filter shown in Fig. 9 while, in the 
present preferred embodiment, one terminal of the central IDT 
is connected to the input terminal and, furthermore, a 
terminal 72 is provided so that a signal can be obtained from 
the other terminal of the central IDT. 

Recently, longitudinally coupled resonator -type surface 
acoustic wave filters have been expected to have an balanced- 
unbalanced transforming function. In the eighth preferred 

-embodiment-show n in Fig. 24, by causing a terminal 74 to be 

the input terminal and causing terminals 72 and 73 to be the 
output terminals, the unbalanced-input-balanced-output type 
filter can be constructed. Conversely, by causing the 
terminals 72 and 73 to be the input terminals and causing the 
terminal 74 to be the output terminal, the balanced- input- 
unbalanced- output type filter can be constructed. Therefore, a 
surface acoustic wave filter having the low insertion loss in 
the passband as well as the balanced-unbalanced transforming 
function can be provided. Modified examples of the surface 
acoustic wave filter having such a balanced-unbalanced 
transforming function are shown in Figs. 25 to Fig. 30. 

A longitudinally coupled resonator-type surface acoustic 
wave filter 81 shown in Fig. 25 is constructed so that the 
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balanced input /output can be obtained from the outer IDTs 13 
and 15 and the central IDT 14 is connected to an unbalanced 
input/output terminal 82. 

In a longitudinally coupled resonator-type surface 
acoustic wave filter 85 shown in Fig. 26, the phases of the 
IDTs 13 and 15 to the IDT 14 are reversed whereby the 
balanced-unbalanced transforming function is realized. 

Furthermore, in a longitudinally coupled resonator- type 
surface acoustic wave filter 86, the phases of the IDTs 18 and 
20 of the surface acoustic wave filters 11 and 12 which are 
two-stage vertically connected are reversed. Terminals 87 and 
88 are connected to the IDT 19 so that the balanced signal can 
be obtained from the IDT 19. 

In the two- stage longitudinally coupled resonator- type 
surface acoustic wave filters 11 and 12 of a longitudinally 
coupled resonator-type surface acoustic wave filter 91 shown 
in Fig. 28, the surface acoustic wave filter 12 which is a 
side obtaining the balanced terminal is divided into two 
surface acoustic wave filters 92 and 93 having an intersecting 
width that is approximately one half the intersecting width of 



the surface acoustic wave filter 11. In addition, the phases 
of surface acoustic wave filters 92 and 93 are reversed. 

Furthermore, as shown in Fig. 29, the balanced-unbalanced 
transforming function is provided in the construction having 
the two-stage longitudinally coupled resonator- type surface 
acoustic wave filters 11 and 12, by dividing the second 
surface acoustic wave filter 12 into longitudinally coupled 
resonator-type surface acoustic wave filters 96 and 97 and 
reversing the phases of the IDTs 13 and 15 with respect to the 
IDT 14 of the first surface acoustic wave filter 11. 

In a longitudinally coupled resonator- type surface 
acoustic wave filter 101 shown in Fig. 30, the two-stage 
longitudinally coupled resonator- type surface acoustic wave 
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filters are parallel connected in such a manner in which the 
intersecting width of each of the two- stage longitudinally 
coupled resonator- type surface acoustic wave filters is 
reduced into halves. That is, the longitudinally coupled 
resonator -type surface acoustic wave filters 11 is divided 
into two longitudinally coupled resonator- type surface 
acoustic wave filters 11A and 11B and the longitudinally 
coupled resonator- type surface acoustic wave filter 12 is 
divided into longitudinally coupled resonator -type surface 
acoustic wave filters 12A and 12B. 

By reversing the phases of one pair of surface acoustic 
wave filters among these, the balanced-unbalanced transforming 
function can be provided. 

That is, as shown in Figs. 25 to 30, in the same manner 
as in the eighth preferred embodiment, there can be provided a 
surface acoustic wave filter having the balanced-unbalanced 
transforming function while various constructions reduces the 

insertion loss. 

Fig. 31 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled 



resonator- type wave filter according to the ninth preferred 
embodiment of the present invention. A longitudinally coupled 
resonator -type surface acoustic wave filter 111 according to 
the present preferred embodiment has the same electrode 
construction as the longitudinally coupled resonator -type 
surface acoustic wave filter shown in Fig. 8. They differ in 
that terminals 112 to 115 are provided in order to obtain 
signals from all of the IDTs 13 to 15. 

Here, since the terminals 112 and 115 and terminals 113 
and 114 each can obtain balanced signals, a balanced- input - 
balanced-output surface acoustic wave filter can be obtained. 
In the present preferred embodiment as well, since the 
longitudinally coupled resonator- type surface acoustic wave 
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filter is constructed in accordance with preferred embodiments 
of the present invention, the balanced input/output type 
surface acoustic wave filter having the low insertion loss in 
the passband can be provided. 

Fig. 35 is a schematic block diagram illustrating a 
communication apparatus 160 using the surface acoustic wave 
device according to another preferred embodiment of the 

present invention. 

In Fig. 35, a duplexer 162 is connected to an antenna 161. 
A surface acoustic wave filter 164 and an amplifier 165 which 
constitute an RF stage are connected between the duplexer 164 
and the amplifier 165. In addition, an IF stage surface 
acoustic wave filter 169 is connected to a mixer 163. An 
amplifier 167 and a surface acoustic wave filter 168 which 
constitute the RF stage are connected between the duplexer 162 
and a mixer 166 on a sending side. 

The longitudinally coupled resonator- type surface 
acoustic wave filter constructed according to preferred 
embodiments of the present invention can be suitably used as 
the RF stage surface wave filters 164, 168, and 169 in the 
above communication apparatus 160. 

While preferred embodiments of the invention have been 
disclosed, various modes of carrying out the principles 
disclosed herein are contemplated as being within the scope of 
the following claims. Therefore, it is understood that the 
scope of the invention is not to be limited except as 
otherwise set forth in the claims. 



